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Abstract: The construction of a crusher system is a very important sequence in the 
underground mining stage. Therefore, the delays in completing construction will have a 
negative effect on production achievement. Of the three crusher systems with a capacity of 
around 2,500 tons per hour that have been completed to support the development of a new 
underground mine at PT Freeport Indonesia (PTFI), two of them have experienced a delay 
in completion of more than one month while the remaining one was completed faster. This 
study aims to assess the risk of delays in the construction of a crusher system in PTFI’s 
underground mine. The risk of delay was identified and registered from the history of the 
construction reports of the three previous crusher systems. Then the opinions of 35 selected 
experts are collected to provide an assessment on four scales of both consequences and 
likelihood scores. This expert assessment is used for risk analysis to determine the severity 
level of each risk. The result of this study identified 79 risks of delay in the construction of 
a crusher system in PTFI’s underground mine which can be grouped into five categories: 
16 risks related to work area, 8 risks related to construction drawing, 22 risks related to 
materials, 3 risks related to administration, and 30 risks related to resources. From the results 
of risk analysis and evaluation, it was found that 17 risks of high severity delays required 
risk treatment: 1 risk in the work area, 11 risks to material and 5 risks to resources. In very 
specific projects such as the construction of a crusher system in a remote underground 
mine, the risks related to materials and resources management are of high severity impact 
for project delays.
Keywords:  construction delay analysis, construction failure case studies, construction 
risk assessment, project risk management
Abstrak: Pembangunan crusher system adalah satu mata rantai sangat penting dalam 
tahapan tambang bawah tanah, sehingga keterlambatan penyelesaian pembangunannya 
akan berpengaruh negatif terhadap pencapaian produksi. Dari tiga crusher system 
berkapasitas sekitar 2.500 ton per jam yang telah selesai dibangun untuk mendukung 
pengembangan tambang bawah tanah baru di PT Freeport Indonesia (PTFI), dua 
mengalami keterlambatan penyelesaian lebih dari satu bulan dan satu selesai lebih cepat. 
Penelitian ini bertujuan untuk melakukan penilaian risiko keterlambatan pembangunan 
crusher system di tambang bawah tanah PTFI. Risiko keterlambatan diidentifikasi dan 
didaftar dari histori laporan pembangunan tiga crusher system terdahulu, kemudian 
mengajukan kepada 35 orang pakar untuk memberikan penilaian dalam 4 skala skor 
dampak (consequence) dan kemungkinan terjadinya (likelihood). Penilaian pakar ini 
digunakan untuk analisis risiko untuk menentukan tingkat signifikansi dari masing-masing 
risiko. Hasil penelitian ini berhasil mengidentifikasi 79 risiko keterlambatan konstruksi 
crusher system di tambang bawah tanah PTFI yang terbagi dalam lima kelompok: 16 
risiko terkait area kerja, 8 risiko terkait gambar konstruksi, 22 risiko terkait material, 3 
risiko terkait administrasi, dan 30 risiko terkait sumberdaya. Analisis dan evaluasi risiko 
memperoleh 17 risiko keterlambatan dalam kategori tingkat signifikansi besar dan harus 
ditindaklanjuti dengan perlakuan risiko: 1 risiko pada area kerja, 11 risiko pada material 
dan 5 risiko pada sumberdaya. Pada proyek sangat spesifik seperti pembangunan crusher 
system di tambang bawah tanah PTFI dengan lokasi terpencil, risiko-risiko terkait material 
dan sumberdaya memiliki tingkat signifikansi tinggi terhadap keterlambatan proyek.
Kata kunci:  analisis keterlambatan konstruksi, studi kasus kegagalan konstruksi, penilaian 
risiko konstruksi, manajemen risiko proyek
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INTRODUCTION
Crusher system is first stage of mandatory mechanical 
equipment in production chain at a mineral mining 
operation (Wills and Napier-Munn, 2006). The crusher 
system grinds the blasted ore boulders into smaller 
sizes and transported by conveyor to the stockpile. In 
underground mining expansion, the construction of a 
crusher system is very important besides construction 
of draw points, or passes and ventilation system 
(Mahler and Sabirin, 2008). Delay of the crusher system 
operation at the scheduled time will disrupt the planned 
mining production target.
PT Freeport Indonesia (PTFI) is one of the world's 
largest copper and gold mining companies operating 
in the remote highlands of the Sudirman Mountains in 
Papua, Indonesia. Since the end of the Grasberg open-
pit mining at the end of 2019, all PTFI's reserves of 35.6 
billion lbs. of copper and 29.1 million ounces of gold 
have been from underground mines (Freeport, 2020). In 
the expansion program of three new underground mines, 
PTFI required seven crusher systems with a capacity 
of around 2500 tons per hour in the underground mine. 
To build a crusher system in PTFI took about five 
years process from the initiation stage to completion 
of construction and commissioning. The construction 
phase is the most critical because it can only start after 
the excavation work and ground support in the crusher 
chamber has been completed by the development 
group. Complexity of constructability method and work 
sequence in tight schedule put the construction phase at 
risk of very large delay. Two of the three crusher systems 
that were constructed by PTFI Central Services division 
between 2014 and 2020 experienced a completion delay 
of more than a month while one was managed to be 
completed faster. Based on the analysis of annual report 
(Freeport, 2020), assuming that the other prerequisites 
are ready to operate, the potential for production loss 
per day caused by the delay in operation of the crusher 
system is equivalent to USD 2 million. Losses due to 
the delay in completing the crusher system construction 
are so great that it is very important to manage the delay 
factor in construction properly.
One of the main reasons for project failure is the 
occurrence of unexpected events that disrupt the 
progress of the project and cause irreversible deviations 
from the plan, some of which may have or can be known 
called risk (Hillson, 2009). Risk is a consequence of 
uncertainty which consists of the chance of occurring 
and how the consequences will affect the goal if the 
event happened (Cooper et al.  2005; BSI, 2018). The 
construction industry has higher risks and uncertainties 
compared to other industries (Flanagan and Norman, 
1999). Successful projects usually happen because 
leaders recognize a lot of work in many projects, so they 
have notes and lessons from previous projects to identify 
potential problems as well as to plan project work as 
a whole to face the challenges ahead and anticipate 
many risks (Kendrick, 2015). Risk management is a 
coordinated and directed activity to manage risk which 
aims to identify and manage significant risks (Cooper 
et al.  2005; BSI, 2018). Project risk management aims 
to increase the probability and / or impact of positive 
risks also to reduce the probability and/or negative 
impact of project risks (PMI, 2017). Implementation 
of risk management can improve the competitiveness 
of organizations and their personnel (Priyarsono and 
Munawar, 2020).
In the context that the biggest potential failure of the 
crusher system project at the PTFI underground mine 
is the delay in the construction phase, the risks that 
have an impact on the delay in crusher construction 
must be managed properly. In order to properly manage 
the risk of construction delay, the organization should 
refer to the risk management processes in the standards 
and guidelines that are widely used around the world. 
The risk management process is a continuous and 
iterative process of setting context, risk assessment, risk 
treatment, communication, monitoring and recording 
(Cooper et al.  2005; BSI, 2018). The risk management 
process includes planning, identification, analysis, 
action plans, implementation plans and monitoring so 
that the chances of project success are optimal (PMI, 
2017). This research focuses on assessing the risks of 
delays in the construction phase of the crusher system 
in an underground mine, by conducting a case study of 
the crusher system construction in PTFI's underground 
mine. Risk assessment includes risk identification, risk 
analysis and risk evaluation (BSI, 2018).
There have been many studies addressing the subject of 
construction delay analysis, but very few have discussed 
such a high complexity project like a crusher system in 
underground mines located in remote areas. The risk 
of delay in the construction phase found from previous 
studies includes: handing over area to the contractor 
(Abdullah and Alshibani, 2018); field actual conditions 
do not  match the design (Rifai and Suef, 2018; Hong 
et al.  2017); geological condition (Zhang et al.  2020); 
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METHODS
The research was conducted at PTFI Central Services 
Division’s head office at Tembagapura, Papua, Indonesia. 
The document review and registration of construction 
delay risks were commenced within June to July 2020. 
The questionnaire distributed to the respondent by 
November 2020.
The research was collected two types of data. The first 
data are documents from the three crusher projects 
that have been completed previously. The researcher 
considered that the availability of data from the three 
previous PTFI’s crusher projects on the similar context, 
actors and conditions was the most reliable data source 
for the delay risks identification in this case study. The 
second data is the result of questionnaire provided by 
researcher.
Risk identification used in this study was by using 
historical review and expert judgment (IEC, 2019; BSI, 
2018; Freeport, 2018; PMI, 2017; PMI, 2009; Hillson, 
2009; Cooper et al. 2005). The construction delay 
risks were registered from weekly progress reports, 
meeting minutes, monthly presentation slides when the 
three crusher system projects were constructed within 
2013 to 2020. The registered construction delay risks 
were developed as questionnaire statement list to be 
distributed to respondents.
The questionnaire was distributed to 35 selected 
respondents to obtain a likelihood and consequence 
score for every single risks. Respondents were selected 
with criteria that was determined by the researcher to 
get respondents with certain considerations and criteria 
from researchers that aim to make the data obtained 
more representative (Sugiyono, 2008). The criteria of 
the respondent were determined so that people who are 
competent and have direct experience to the previous 
three crusher systems construction were selected. From 
there it was determined that there were 35 respondents 
who met the criteria. The respondents’ characteristics 
regarding years of service, position in the organization, 
and involvement in the three previous crusher systems 
projects are shown in Table 1.
 
The questionnaire consisted of a list of identified risks 
of delay submitted to respondents to provide a score on 
both likelihood and consequence variables on each risk. 
Likelihood is defined as how often the possibility of a 
risk event occurring when the project is implemented 
environment (Egila et al.  2020); design quality (Mpofu et 
al.  2017; Hong et al.  2017; Zidane and Andersen, 2018; 
Jimoh et al. 2016); scope and design change (Mpofu et 
al. 2017; Hong et al. 2017; Zidane and Andersen 2018; 
Jimoh et al. 2016); materials (Iqbal et al. 2015; Rao et 
al. 2016; Zhang et al. 2020; Abdullah and Alshibani, 
2018; Durdyev and Hosseini, 2019; Egila et al. 2020); 
administrative (Zidane and Andersen, 2018); resources 
(Egila et al. 2020; Iqbal et al. 2015; Derakhshanfar et al. 
2019; Zidane and Andersen, 2018; Zhang et al. 2020; 
Durdyev and Hosseini, 2019); project management 
(Mpofu et al. 2017; Hong et al. 2017; Rao et al. 2016; 
Zidane and Andersen, 2018; Abdullah and Alshibani, 
2018; Durdyev and Hosseini, 2019); project team 
communication and coordination (Caldas and Gupta, 
2016; Rao et al. 2016; Linh and Hadikusumo, 2014; 
Zidane and Andersen, 2018; Abdullah and Alshibani, 
2018; Durdyev and Hosseini, 2019); quality control 
(Linh and Hadikusumo, 2014; Zidane and Andersen, 
2018); planning and scheduling (Mpofu et al. 2017; 
Caldas and Gupta, 2016; Linh and Hadikusumo, 2014; 
Zidane and Andersen, 2018; Abdullah and Alshibani, 
2018; Durdyev and Hosseini, 2019); slow decision 
making (Zidane and Andersen, 2018); qualification of 
project stakeholders (Durdyev and Hosseini, 2019).
This research focuses on assessing the risks of 
construction delay. Risk assessment includes risk 
identification, risk analysis and risk evaluation (BSI, 
2018).  Risk identification is based on identification of 
risk root causes that affect the project and involve project 
stakeholders to ensure comprehensive risk identification 
(Freeport, 2018). One of the techniques to carry out risk 
identification is from the following three: (1) historical 
review; (2) current assessment; and (3) forecasting 
technique (PMI, 2009). Risk identification can also be 
done through expert judgment from similar projects 
including from post-review on completed projects 
(PMI, 2017; Cooper et al. 2005; Hillson, 2009).
The objectives of this study are: (1) to identify the risks 
that lead to delays in the completion of crusher system 
construction in underground mines; (2) to analyze 
the risks of delay in order to obtain the risk severity; 
(3) to evaluate the risks of delay against risk criteria 
to determine which risks need to be the focus of risk 
treatment.
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The results of the questionnaire from respondents were 
calculated to get the mode value from the likelihood 
score and the consequence score for all identified risks 
of delay. The use of the consequence and probability 
matrix analysis method is strongly applicable for 
carrying out the risk assessment stage since it fulfills the 
entire scope of risk identification, risk analysis and risk 
evaluation (IEC, 2019; Leśniak and Janowiec, 2019). 
The mode value of both likelihood and consequence 
was used to obtain a risk rating with the formula:
Risk Rating = Consequence × Likelihood
according to plan. The scale of likelihood score ranged 
from 1 for very rare or unlikely to 4 for very frequent 
or almost certain as shown in Table 2. Consequence is 
defined as the qualitative and quantitative magnitude of 
the impact on project objectives if the risk event occurs. 
The scale of consequence score was from 1 for low 
impacts to 4 for major impacts as shown in Table 3. 
Besides providing likelihood and consequence scores 
from the list of risks of delay stated in the questionnaire, 
respondents also provided the opportunity to adding up 
to three risks of delay that are considered significant 
and have not been stated in the risk registered in the 
questionnaire.
Table 1. respondents’ characteristics grouped by three expertise criteria
Respondent criteria to be defined No. of respondent
Year of Service:
5 to 10 years 11
More than 10 years 24
Position in organization:
Vice President 1




Involvement in the previous three crusher systems:
All three projects 27
Two projects 5
One project 3
Table 2. Risk probability of occurrence (Freeport, 2018)
Qualitative Likelihood Range of probability during project duration Likelihood score
Unlikely < 5% probability 1
Possible 5% to 30% probability 2
Likely 31% to 75% probability 3
Almost certain > 75% probability 4
Table 3. Consequence categories of impact to project goals (Freeport 2018)
Consequence categories Magnitude of impact to project goals Consequence score
Minor Low impact on cost/schedule if risk occurs 1
Moderate Medium impact on cost/schedule if risk occurs 2
Significant High level of impact on cost/schedule if risk occurs 3
Major Very high impact on cost/schedule if risk occurs 4
Indonesian Journal of Business and Entrepreneurship, Vol. 3 No. 2, May 2017606
P-ISSN: 2407-5434  E-ISSN: 2407-7321
Accredited by Ministry of RTHE Number 32a/E/KPT/2017
Jurnal Aplikasi Bisnis dan Manajemen (JABM), 
Vol. 7 No. 2, September 2021
RESULTS 
The research was identified 79 risks of delay in PTFI’s 
underground mine crusher system construction. The 
construction delay risks were grouped in to five risk 
sources: work area, construction drawing, material, 
administration, and resources. The risks were 
categorized to three severity level: minor, medium, and 
actionable.
Work area
The construction delay risks related to work area is in 
line with previous studies (Zhang et al. 2020; Abdullah 
and Alshibani, 2018; Rifai and Suef, 2018). In the 
PTFI’s underground mine crusher system work area 
has very limited space and access. The crusher system 
was built in three different levels of special chamber 
with narrow access located 5 kilometers away from 
entrance portal. The chambers were developed by 
area owner based on chamber excavation and ground 
support design. Construction will start once ground 
support activities are completed and services source 
for construction activities such as ventilation, power, 
water and compressed air are available. There were 
16 construction delay risks identified related to the 
work area and access. Table 6 illustrates the risk rating 
calculation from respondent’s scores of likelihood and 
consequence resulted in risk rating range from 1 to 9, 
of which 8 risks were categorized as low severity, 7 
risks were categorized as medium severity and one risk 
was categorized as actionable severity that required to 
be treated.
This risk rating is used to quantify the severity level of 
each risk using the 4 X 4 risk assessment matrix in Table 
4. The range of possible risk rating from 1 to 16. The 
level of risk severity and risk management mitigation 
response that is required for the associated rating is 
shown in Table 5 (Freeport, 2018).
This research was initiated from the huge financial loss 
caused by the delay in completing the construction 
of the crusher system at PTFI's underground mine. 
Meanwhile, the construction phase of the crusher 
system installation has a very large risk of delays. 
Experienced by the three previous similar projects, two 
projects experienced delays of more than one month. 
The identification of the risk of delay is collected from 
historical data of previous projects. The results of risk 
identification were compiled in a questionnaire and 
distributed to 35 selected respondents to provide the 
likelihood and consequence score for each identified 
risk of delay and adding other risks which were in the 
questionnaire list. The likelihood and consequence 
scores of every single delay risk were calculated to 
obtain a risk rating and categorized by risk severity. 
From this analysis, acceptable risks and unacceptable 
risks are obtained. The risks with risk rating above the 
risk criteria are unacceptable risks with large significance 
effect to construction delay and require risk treatment. 
The research framework is shown in Figure 1.
Table 4. The 4 X 4 Risk assessment matrix (Freeport, 2018)
Likelihood Scores
Consequence Scores
1 – minor 2 – moderate 3 – significant 4 – major
1 – unlikely 1 2 3 4
2 – possible 2 4 6 8
3 – likely 3 6 9 12
4 – almost certain 4 8 12 16
Table 5. Risk severity level of risk rating and response type (Freeport, 2018)
Risk severity level Range of Risk Rating Risk management mitigation response
Low 1 to 3 Acceptable risks: the impact would be sufficiently low and/or  the 
probability of occurring so small that no special measures to mitigate the 
risk are normally considered appropriate
Medium 4 to 6 Acceptable risk, no treatment plan required, but some monitoring may be 
needed
Monitor 4 Major consequence, unlikely to occur. Treatment plan may be    required
Actionable 8 or greater Treatment plan required, identify milestones to be accomplished
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 Figure 1 Research framework
Table 6. Analysis of construction delay risks related to work area and access
Risk ID Construction delay risks description L C R Risk severity
A.01 Additional works in the beginning due to insufficient actual space of chamber 
area to design
3 3 9 Actionable
A.02 Sharing access or working time with development team 2 2 4 Medium
A.03 Delay hand over remaining area 3 2 6 Medium
A.04 Power availability issue 2 2 4 Medium
A.05 Service water availability issue 2 1 2 Low
A.06 Compressed service air availability issue 2 2 4 Medium
A.07 Interrupted due to seismic event evacuation 2 1 2 Low
A.08 Interrupted due to hazardous gas event evacuative 1 1 1 Low
A.09 Interrupted due to ventilation system issue 2 1 2 Low
A.10 Interrupted due to broken ground support event 1 1 1 Low
A.11 Suspended due to geotechnical observation/investigation 2 1 2 Low
A.12 Suspended during repair ground support/shotcrete 2 2 4 Medium
A.13 Suspended during slashing/chipping at tight spot 2 2 4 Medium
A.14 Suspended due to flooding at access 2 1 2 Low
A.15 Interrupted due to access blockage by broken heavy equipment 1 1 1 Low
A.16 Suspended during accident investigation 2 2 4 Medium
Notes: L = likelihood; C = consequence; R = risk rating (L x C)
Crusher system as a mandatory equipment for PTFI’s underground mine operation
Two of three previous crusher systems construction was delayed more than one month
Huge losses if crusher system completion is delayed
Risk Identification
Data: historical review of previous completed project
Result: registered construction delay risks
Highest delay risk in construction phase
Questionnaire to 35 selected experts 
Risk Analysis
Risk Rating = Likelihood x Consequence
Closed questions:
Likelihood and Consequence scores
Open questions:
Other significant delay risks
Risk severity categorization based on risk rating
Acceptable risks – no treatment required No acceptable risks - risk treatment
Conclusion and recommendations
Low Medium Monitor Actionable
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Construction drawing
The construction delay risks related to construction 
drawing is in line with previous studies (Zidane and 
Andersen, 2018; Mpofu et al. 2017; Hong et al. 2017; 
Jimoh et al. 2016). In the PTFI’s underground mine 
crusher system construction drawing was mainly 
provided by third party engineering company located 
in New Orleans, USA.  Minor changes to fit the actual 
field condition is done by site engineering team. There 
were 8 construction delay risks identified related to the 
construction drawing. Table 7 illustrates the risk rating 
calculation from respondent’s scores of likelihood 
and consequence resulted in risk rating 4, which was 
categorized as medium severity and no risk treatment 
required.
Material
The construction delay risks related to material is in 
line with previous studies (Zhang et al. 2020; Egila et 
al. 2020; Durdyev and Hosseini, 2019; Abdullah and 
Alshibani, 2018; Rao et al. 2016; Iqbal et al. 2015). 
The PTFI’s crusher system main materials are specific, 
big size and heavy. The manufacturing time about 14 
months and another three months of shipping time 
from Germany. Arriving on site, the material will be 
stored in lowland area due to very limited storage area 
in highland. The material will be delivered to highland 
close to installation time. There were 22 construction 
delay risks identified related to material. Table 8 
illustrates the risk rating calculation resulted in range 
from 4 to 9, of which 11 risks were categorized as 
medium severity and the other 11 were categorized as 
actionable severity that required to be treated.
Administration
The construction delay risks related to administration 
is in line with previous study (Zidane and Andresen, 
2018). In the PTFI’s underground mine crusher system 
has very specific equipment produced in Germany 
such as crusher, apron feeder and rock breaker. The 
representative of the equipment’s principle usually 
commences supervision and witness during the 
installation for warranty and insurance purpose. There 
were 3 construction delay risks identified related to the 
administration process required to bring the principle 
representative to the site. Table 9 illustrates the risk 
rating calculation from respondent’s scores of likelihood 
and consequence resulted risk rating range from 1 to 4, 
of which 2 risks were categorized as medium severity 
and 1 risk was categorized as low severity. No treatment 
required for those risks.
Table 7. Analysis of construction delay risks related to construction drawing
Risk ID Construction delay risks description L C R Risk severity
B.01 Suspended due to waiting for the DED 2 2 4 Medium
B.02 Suspended due to DED in revision process 2 2 4 Medium
B.03 Suspended due to additional scope in critical sequence waiting for new drawing 2 2 4 Medium
B.04 Interrupted due to unclear drawing (confusing) 2 2 4 Medium
B.05 Suspended due to incomplete drawing 2 2 4 Medium
B.06 Suspended due to inconsistency drawings 2 2 4 Medium
B.07 Rework due to construction team referring to obsolete drawing 2 2 4 Medium
B.08 Rework due to new revision drawing issued after the construction work is 
completed
2 2 4 Medium
Notes: L = likelihood; C = consequence; R = risk rating (L x C)
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Table 8. Analysis of construction delay risks related to material
Risk ID Construction delay risks description L C R Risk severity
C.01 Material delivery issue 3 3 9 Actionable
C.02 Incomplete material received 3 3 9 Actionable
C.03 Substandard material received 2 3 6 Medium
C.04 Broken material received 2 2 4 Medium
C.05 Material broken in storage 3 3 9 Actionable
C.06 Material broken during installation 3 3 9 Actionable
C.07 Additional scope with no material available 3 3 9 Actionable
C.08 Material missing in storage 3 3 9 Actionable
C.09 Untracked materials used by other projects 3 3 9 Actionable
C.10 Replacement material delivery issue 3 3 9 Actionable
C.11 Material missing after installation 2 3 6 Medium
C.12 Concrete supply issue 2 2 4 Medium
C.13 Substandard concrete supply 2 2 4 Medium
D.01 Steel fabrication design issue 2 2 4 Medium
D.02 Steel fabrication progress issue 3 3 9 Actionable
D.03 Steel fabrication delivery issue 3 3 9 Actionable
D.04 Incomplete steel fabrication issue 3 3 9 Actionable
D.05 Fabricated steel doesn’t match the drawing 2 2 4 Medium
D.06 Field modification due to new revision design of fabricated steel 2 2 4 Medium
D.07 Shop modification due to new revision design of fabricated steel 2 2 4 Medium
D.08 Field modification due to fabricated steel doesn’t fit each other 2 2 4 Medium
D.09 Field modification due fabricated steel doesn’t match the actual field condition 2 2 4 Medium
Notes: L = likelihood; C = consequence; R = risk rating (L x C)
Table 9. Analysis of construction delay risks related to administration
Risk ID Construction delay risks description L C R Risk severity
E.01 VISA for special equipment principle representative site visit 2 2 4 Medium
E.02 Principle representative competency issue 2 2 4 Medium
E.03 Principle representative VISA duration issue 1 1 1 Low
Notes: L = likelihood; C = consequence; R = risk rating (L x C)
Resources
The construction delay risks related to resources is in 
line with previous studies (Egila et al. 2020; Zhang et 
al. 2020; Durdyev and Hosseini, 2019; Derakhsanfar 
et al. 2019; Zidane and Andersen, 2018; Iqbal et al. 
2015). Construction of the crusher system was carried 
out using PTFI’s own resources. PTFI has dedicated 
construction manpower and equipment to support both 
mine expansion and operation maintenance projects. 
Besides the crusher system project, the resources 
also worked on around 10 other projects in parallel, 
with various sizes and levels of priority. Immediate 
increase in manpower is infeasible due to very limited 
accommodation available, especially in highland area. 
There were 30 construction delay risks identified 
related to resources. Table 10 illustrates the risk rating 
calculation from respondent’s scores of likelihood and 
consequence resulted in risk rating range from 4 to 9, 
of which 25 risks were categorized as medium severity 
and 5 risks were categorized as actionable severity that 
required to be treated.
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Table 10. Analysis of construction delay risks related to resources
Risk ID Construction delay risks description L C R Risk severity
F.01 Suspended due to construction manpower moved to unplanned emergency 
project
3 3 9 Actionable
F.02 Suspended due to engineering manpower moved to unplanned emergency project 2 2 4 Medium
F.03 Suspended due to QC manpower moved to unplanned emergency project 2 2 4 Medium
F.04 Interrupted due to construction manpower also working on other project(s) with 
the same priority
3 2 6 Medium
F.05 Interrupted due to engineering manpower also working on other project(s) with 
the same priority
2 2 4 Medium
F.06 Interrupted due to QC manpower also working on other project(s) with the same 
priority level
2 2 4 Medium
F.07 Transportation to project location issue 2 2 4 Medium
F.08 Main road access blockage issue 2 2 4 Medium
F.09 Suspended due to labor strike issue 2 2 4 Medium
G.01 Suspended due to mobile lifting equipment moved to unplanned emergency 
project
2 3 6 Medium
G.02 Interrupted due to mobile lifting equipment also working on other project(s) with 
the same priority
3 3 9 Actionable
G.03 Suspended due to operator of mobile lifting equipment moved to unplanned 
urgent project
3 3 9 Actionable
G.04 Interrupted due to operator of mobile lifting equipment also working on other 
project(s) with the same priority level
3 2 6 Medium
G.05 Interrupted due scaffolding specialist crew also working on other project(s) with 
the same priority
3 3 9 Actionable
G.06 Interrupted due to broken mobile lifting equipment 2 2 4 Medium
G.07 Suspended due to scaffolding material also working on other project(s) with the 
same priority
3 2 6 Medium
G.08 Interrupted due to drilling machine operator also working on other project(s) with 
the same priority
3 2 6 Medium
G.09 Interrupted due to drilling machine also working on other project(s) with the 
same priority level
3 2 6 Medium
G.10 Interrupted due to broken drilling machine 2 2 4 Medium
H.01 Worker is not aware of the project completion target 2 2 4 Medium
H.02 Field supervisor are not aware of the project completion target 2 3 6 Medium
H.03 Approved baseline schedule without contingency for additional/change scope 
during construction
2 3 6 Medium
H.04 Lack of communication and coordination 2 3 6 Medium
H.05 Interrupted due to supervisor also working on other project(s) with the same 
priority level
3 3 9 Actionable
H.06 Suspended due to conflict sequence between actual and approved schedule 3 2 6 Medium
H.07 Field supervisor doesn’t have proper daily plan 2 3 6 Medium
H.08 Field worker doesn’t obey the supervisor’s direction 2 2 4 Medium
H.09 Different priority and work sequence between field supervisors from different 
disciplines
2 2 4 Medium
H.10 Different priority and work sequence in construction management 2 2 4 Medium
H.11 Change in sequence and priority whenever there is a change in supervision 2 2 4 Medium
Notes: L = likelihood; C = consequence; R = risk rating (L x C)
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into acceptable risks and actionable risks which 
require treatment. This study provides the delay risks 
assessment in crusher system construction at PTFI’s 
underground mines constructed by the Central Services 
division, consisting of risks that are acceptable and 
risks that require treatment. Although it is assessed 
that 79% of the risks are categorized as acceptable 
under the existing control system, they should always 
be monitored until the end of the project. For 21% of 
risks that require treatment, PTFI must formulate the 
mitigation action plan to minimize their impact or 
exploit them became opportunities.
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
Crusher system construction in PTFI’s underground 
mine identified 79 risks of delay that could impact the 
completion target. They can be grouped into five risk 
sources: 16 risks related to work area, 8 risks related 
to construction drawing, 22 risks related to materials, 
3 risks related to administration and 30 risks related to 
resources.
Of the 79 risks identified, 11% were categorized as low 
severity, 68% were categorized as medium severity, no 
risk was categorized as to be monitored and 21% were 
categorized as actionable severity. This means that 
79% were acceptable and require no treatment, and the 
remaining 21% require risk treatment.
Table 11 illustrate the summary of risks group by 
severity level which 9 risks were categorized as low 
severity, 53 risks were categorized as medium severity, 
no risk was categorized as special monitor and 17 
risks were categorized as actionable severity. The 17 
risks were categorized as actionable severity will be 
required the risk treatment: (1) Additional works in the 
beginning due to insufficient actual space of chamber 
area to design; (2) Material delivery; (3) Incomplete 
material received; (4) Material broken in storage; (5) 
Material broken during installation; (6) Additional 
scope with no material available; (7) Material missing 
in storage; (8) Untracked materials used by other 
projects; (9) Replacement of broken/missing material 
delivery; (10) Structural steel fabrication progress; (11) 
Structural steel fabrication delivery; (12) Incomplete 
structural steel fabrication received; (13) suspended 
due to construction manpower moved to unplanned 
emergency project; (14) Interrupted due to mobile 
lifting equipment also working on other project(s) with 
the same priority level; (15) Suspended due to operator 
of mobile lifting equipment moved to unplanned 
emergency project; (16) Interrupted due scaffolding 
specialist crew also working on other project(s) with 
the same priority level; and (17) Interrupted due to 
supervisor also working on other project(s) with the 
same priority level.
Managerial Implications
This study provides the assessment of delay risks 
in the construction of the crusher system at PTFI’s 
underground mine. The and categorizing those risks 
Table 11. Summary of delay risk categories by risk severity level
Delay risk categories No. of risks Risk severity level Percentage (%)
Work area 8 Low 11
Administration 1
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The 21% actionable risks that require risk treatment 
are: (1) Additional works in the beginning due to 
insufficient actual space of chamber area to design; (2) 
Material delivery; (3) Incomplete material received; (4) 
Material broken in storage; (5) Material broken during 
installation; (6) Additional scope with no material 
available; (7) Material missing in storage; (8) Untracked 
materials used by other projects; (9) Replacement of 
broken/missing material delivery; (10) Structural steel 
fabrication progress; (11) Structural steel fabrication 
delivery; (12) Incomplete structural steel fabrication 
received; (13) suspended due to construction 
manpower moved to unplanned emergency project; 
(14) Interrupted due to mobile lifting equipment also 
working on other project(s) with the same priority 
level; (15) Suspended due to operator of mobile lifting 
equipment moved to unplanned emergency project; 
(16) Interrupted due scaffolding specialist crew also 
working on other project(s) with the same priority level; 
and (17) Interrupted due to supervisor also working on 
other project(s) with the same priority level.
Recommendations
This is a preliminary research to assess delay risks in 
the crusher system construction at PTFI’s underground 
mine carried out by Central Services division. The 
result of this research suggests that further study is 
required to develop detailed treatment as part of the 
strategic mitigation plan. It is recommended that the 
delay risks identification study can be continued in 
a broader scale that includes overall crusher system 
project in PTFI’s underground mine from the initial 
stage until completion, including external stakeholders’ 
involvement in the project.
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